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Abstract 


A situation exists in goose salt gland that is analogous 
to one already noted in mammalian salivary glands, namely that stimu- 
lation of the secretory nerve causes secretion, which is atropine 
sensitive, and vasodilatation, which be atropine resistant. There 
is the possibility that true vasodilator fibers or a metabolic sub- 
stance (eg. bradykinin) could be responsible for this vasodilatation. 
The goose salt gland was studied to determine the presence 
and possible role of ornithokallikrein. The literature relating to 
the structure and function of the salt gland was reviewed, as well 
as that of kallikrein in general and ornithokallikrein in particular. 
Aqueous, acetone-aqueous and 75% acetone tissue extracts 
were prepared from goose and hen pancreas and goose salt gland and 
were tested biologically and biochemically for ornithokallikrein activity. 
Biological assays of goose pancreas were performed using 
an isolated strip of guinea-pig ileum, which yielded negative results, 
and an isolated strip of Sheet peety which gave dubious results. In 
vivo assays, using hen and goose blood pressure, of various extracts 
showed hypotensive activity. This activity was not inhibited by 
soyabean trypsin inhibitor in some assays but was inhibited in other 
assays. 
Biological assays of hen pancreatic extracts were performed 
to check the assay system and provide a basis for comparison with goose 


extracts. These extracts showed hypotensive activity which was inhibited 
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by soyabean trypsin inhibitor. 

Biochemical assays of both extracts using the synthetic 
arginine ester, a-N-benzoyl-L-arginine ethyl ester, and selective 
blocking with soyabean trypsin inhibitor and Trasylol, indicated 
that ornithokallikrein activity was present. 

In general the results obtained, with the exception of 
inhibition by soyabean trypsin inhibitor in some of the biological 
assays, were in agreement with previous investigators. 

Biological and biochemical assays of goose salt gland ex- 
tracts, performed under similar conditions showed no activity indi- 
cative of ornithokallikrein. Some attempt was made to explain the 
atypical results of one assay. The possibility that the assay 
system is not suitable for certain preparations was considered. 

Histological observations of the organization of the non- 
functional salt gland showed that it contained inter- and intralobular 
connective tissue and in general was similar to those species pre- 
viously studied. 

It seems evident from the experiments that the goose salt 
gland contains no kallikrein, or if it is present, it cannot be ex- 
tracted or activated by conventional means. 

It was concluded that the ornithokallikrein-kinin system 
was not responsible for the vasodilatation accompanying secretion, 
induced by stimulation of the secretory nerve in the goose salt 


gland. 
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I. Introduction 
Kallikreins and Kinins: 

The investigation of kallikrein began in 1925 when it was 
shown that a fall in dog arterial pressure could be brought about by 
injection of human urine. Studies of this substance, first called 
F-substance, showed it to be a large molecular, non-dialysable, 
thermolabile substance (Frey, 1926). Further work showed that a 
similar substance existed in blood (Frey & Kraut, 1928), pancreas 
(Kraut, Frey & Werle, 1930) and salivary glands (Werle & von Roden, 
1936). Frey and co-workers named this new substance "kallikrein" 
(Greek, kallikreas - pancreas), because they believed that the kalli- 
krein found in all tissues was derived from the pancreas and circulated 
in the blood. It is now known that kallikreins from different sources 
are not identical molecules, but do have properties in common. 

Kallikrein occurs in an active form in salivary glands, 
saliva and urine and in an inactive (but activatable) form in kidney, 
pancreas and blood. Chemical investigations have shown that more than 
one kallikrein exists in hog pancreas (Fritz, Eckert & Werle, 1967) and 
human plasma (Webster, 1968). 

The kallikreins from pancreas, urine and submaxillary gland 
release kallidin from a specific substrate (kininogen), an a» globulin 
found in plasma or lymph, by a highly specific proteolytic action. They 
also possess an esterase activity which can be shown by their action on 
synthetic arginine esters. The molecular weights, ranging from 33,000 


to 36,000, and the amino acid composition of these kallikreins are quite 
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similar. In contrast, plasma kallikreins with Sustedwiay weight of 
97,000 have an unspecific proteolytic activity; they release brady- 
kinin instead of kallidin. Among other substances which act like 
kallikreins are trypsin and snake venoms (Rocha e Silva, Beraldo & 
Rosenfeld, 1949). 

The avian kallikrein-kinin system appears to differ in some 
respects from that found in mammalian species and will be discussed 
later in the Introduction. 

Kinins (kallidin, bradykinin) are the active peptides re- 
leased as a result of kallikrein activity. General properties include 
hypotensive activity, ability to contract smooth muscle (except for 
relaxation of the rat duodenum), ability to increase vascular permea- 
bility and produce pain when applied to a blister base (Schachter, 
1969). The following diagram (Schachter, 1969) illustrates the 


possible path of kinin release in plasma. 
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A number of pathological and physiological roles have been 
ascribed to kallikreins and kinins. Although most of these lack suf- 
ficient supporting evidence, the kallikrein-kinin system has been 
implicated in two pathological conditions, carcinoid syndrome and 
hereditary angioedema (Schachter, 1969). A definite physiological 
role has not been ascertained for the kallikreins but there has been 
speculation as to their possible feuoeton as blood flow regulators, 
e.g., glandular functional hyperemia or as a mediator of some vascular 
changes which occur at birth (Melmon, Cline, Hughes & Nies, 1968). 

The possible role of kinins, rather than true vasodilator 
fibers, as the cause of COT vasodilatation in the submaxillary 
gland has been argued for some years. The first evidence for vaso- 
dilator nerves to the submaxillary gland of the dog was presented by 
Claude Bernard (1858). Another fact of importance which dealt with 
chemical transmission of nervous effects was established by Heidenhain 
(1872). He observed that the vasodilator effect of chorda stimulation 
was not blocked by atropine whereas the accompanying secretory activity 
was abolished. Although some reasonable explanations have been put 
forth to explain this picomiiesreciorant phenomenon, none has been 
accepted with final certitude (Ambache, 1955). 

The hypothesis that vasodilator, atropine-resistant fibers 
to the gland exist was uncontested until the twentieth century. 
Barcroft and Muller (1912) postulated the view that vasodilatation in 
the submaxillary gland was determined by the secretory metabolism of 
the gland, but no chemical agent was shown to be responsible for this 
specific action. Following the discovery of salivary kallikrein by 


Werle and von Roden (1936), it was suggested that this potent vaso- 
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dilator was the specific chemical mediator (Ungar & Parrot, 1936). The 
fact that kallikrein vasodilatation, like chorda vasodilatation, was 
atropine-resistant, supported this view. The work of Hilton and Lewis 
(1955, 1956) has extended the view that kinins are responsible for 
functional hyperemia in salivary glands. Ample evidence has been 
produced by other investigators to refute this theory and to argue 
successfully for the existence of true vasodilator fibers. (Bhoola, 
Morley, Schachter & Smaje, 1965; Beilenson, Schachter & Smaje, 1968). 
Ultrastructural evidence also concurs with the view that vasodilator 
fibers to blood vessels of the salivary glands do exist (Garrett, 
1966a, 1966b). 

Recent investigations have attempted to show that vaso- 
dilatation in the salivary gland may be initiated by vasodilator 
fibers and supported and maintained by kinins formed in the activated 
gland (Gautvik, 1970). Kinins have also been implicated in the after- 
dilatation which follows a period of sympathetic nerve stimulation 


(Gautvik, Kriz & Lund-Larsen, 1972). 


Statement of Problem: 

Research on salt gland secretion and blood flow in the 
domestic goose has revealed a situation analogous to that existing 
in the mammalian salivary glands, i.e., when the salt gland is stim- 
ulated (osmotic load, nervous stimulation, parasympathomimetic drugs) 
two events occur - secretion and vasodilatation. Moreover, it was 
found that secretion but not vasodilatation was blocked by atropine. 


Reference was made to the fact that two views are held regarding the 


control of functional vasodilatation: (i) atropine-resistant cholinergic 
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nerves elicit vasodilatation, and (ii) induced by substances (eg., 
bradykinin) formed as a result of increased metabolism of secretory 
cells (Hanwell, Linzell & Peaker, 1971la). 

It was then decided to pursue this problem by determining 
the possible existence of kallikrein in the goose salt gland and its 
role or lack of it in functional vasodilatation. 

The avian nasal (salt) glands are crescent-shaped structures 
which are located in shallow depressions above the eye orbit. They 
vary in size, the largest being found in marine species. 

Anatomically, each gland consists of two lobes with two 
ducts which join before reaching the external nares, but are so similar 
that they are considered as one functional unit (Marples, 1932). 
Histological studies have shown that lateral branchings from the main 
ducts form the central canals, while radial outgrowths from each central 
canal give rise to branched secretory tubules with closed terminal 
ends. These secretory tubules are lined by simple cuboidal-columnar 
epithelium and form a lobule which is surrounded by a thick layer of 
connective tissue (interlobular connective tissue). In addition, each 
secretory tubule is invested with a thin sheath of connective tissue 
(peritubular connective tissue). The central canals are embedded in a 
relatively thick intralobular tissue sheath (Ernst & Ellis, 1969). 

The vascularization of the salt glands of gulls and ducks, as 
well as other species, has been studied (Marples, 1932; Schmidt-Nielsen, 
Jorgensen & Osaki, 1958) and it has been found that arrangement of 
blood vessels is very similar in the different species. The main 
arterial supply is contributed by the arteria ophthalmica interna. 


This vessel penetrates the orbital wall above the optic nerve and, 
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passing upwards along the medial wall of the orbit, it divides into 
two branches to the salt gland. Several small arteries are given off 
to the gland from the anterior arterial branch, which then continues 
to the beak. The posterior glandular portion is supplied by the 
posterior arterial branch. Another artery from the posterior wall of 
the orbit anastomoses with the posterior branch and contributes to the 
glandular blood supply. Both arteria ophthalmica interna and arteria 
ophthalmica externa are branches of the arteria carotis interna. 

Veins from the salt glands follow the arrangement of arterial vessels. 

The connective tissue between individual glandular lobes 
contains many branching dukented and veins. At intervals, branches 
from the arteries pass into the lobes. After arteries have reached 
the central connective tissue they branch into many capillaries. 

Since the capillaries, for most of their course, run parallel to the 
secretory tubules, one is reminded of a countercurrent system. However, 
the strict analogy does not hold because a countercurrent mechanism 
indicates a single tube looped back upon itself (Schmidt-Nielsen, 

1965). One report (Fange et al., 1958a) did not find any lymph 

vessels draining the salt glands, but their evidence was not sufficiently 
conclusive to show they do not exist for this particular organ. 

Salt gland innervation of ducks, gulls, geese and other 
species has been the topic of a few studies (Marples, 1932; Fange, 
Schmidt-Nielsen & Robinson, 1958b; Ash, Pearce & Silver, 1966, 1969; 
Linzell, McLean & Peaker, 1972), and as with blood vessels, the 
arrangement of nerves is similar in different species. The gland 
(as indicated in Figure 1) is innervated by a cholinergic secretory 


nerve (perhaps a branch of the vio cranial nerve) which emerges from 
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the sphenopalatine ganglion and enters the orbit to become associated 
with the ophthalmic division of the trigeminal nerve. The ganglion 
sends fibers into the anterior part of the gland. 

Although this ganglion is closely applied to the ophthalmic 
division of the is nerve, it does not appear to have any connections 
with it (Cottle & Pearce, 1970). Histochemical studies have shown 
that stained elements run between ane columns of secretory cells and 
also along the walls of the ducts. At the periphery of the lobules 
the staining was often associated with a series of looped structures, 
the distribution of which was similar to but not identical with the 
blood vessel arrangement (Ash et al., 1969). It is possible that the 
secretory nerve contains somatic afferent nerves and sympathetic post- 
ganglionic nerves, the latter probably including vasomotor fibers to 
glandular blood vessels (Fange, Krog & Reite, 1963; Ash et al., 1969). 


There is also’ the possibility that the secretory cells receive sym- 


pathetic innervation (Linzeli et al., 1972). 
salt gland 


secretory nerve’ 


Sphenopalatine ganglion 


Vil nerve 


pterygoid articulation 


Figure 1. Origin and course of ‘secretory nerve' (SN) in the domestic 
duck. Within the orbit the SN is bound to the edge of the Harderian 
gland before separating from it to meet the vth nerve (ophthalmic 
division); at this junction the ganglionic enlargements are found in 
the SN. The cervical sympathetic trunk gives rise to a branch de- 
picted entering the sphenopalatine ganglion from below (Ash, Pearce & 
Silver, 1969). 
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The presence of the nasal glands was first described by 
Nicholaus Steno in 1664 (see Fange et al., 1958a). Early sbineeé had 
thought that their role, through elaboration of a secretion, was to 
protect the nasal passages from the effects of sea water. Their true 
functional significance, as extrarenal excretory organs, was clearly 
demonstrated by Schmidt-Nielsen, Jorgensen and Osaki (1957). 

Generally, these glands are largest and functional in marine 
or estuary-dwelling birds, but may be made functional in such species 
as ducks and geese (Ellis, Goertemiller, De Lellis & Kablotsky, 1963; 
Hanwell, Linzell & Peaker, 1970). 

A number of studies have shown that salt gland secretion is 
initiated in response to sea water or an osmotic load, such as mannitol 
or hypertonic NaCl (Fange et al., 1958; Schmidt-Nielsen, 1960; Ash, 
1966; Hanwell et al., 1971a), and is maintained, as in mammalian 
salivary glands (see Burgen & Emmelin, 1961), by neural stimulation 
which is believed to be cholinergic (Fange et al., 1958; Fawcett, 1962; 
Ash et al., 1969; Hanwell et al., 1971la; Hanwell, Linzell & Peaker, 
1972). 

The secretory response is probably initiated by receptors 
which detect an increase in plasma tonicity (Ash et al., 19693; Hanwell, 
Linzell & Peaker, 1971b; Hanwell et al., 1972; Stewart, 1972) as first 
suggested by Schmidt-Nielsen, Jorgensen and Osaki (1958), rather than 
responding to an expansion of blood volume as suggested by other invest- 
igators (Holmes, 1965; Burford & Bond, 1968). The location of these 
receptors had been thought to be in the head, either in the CNS 
(Schmidt-Nielsen, 1960) or in the ganglion supplying the cholinergic 


fibers to the gland (Ash et al., 1969). A more recent study has indi- 
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cated that these receptors lie in the heart (Hanwell et al., 1972). 

Investigations have indicated a varying sensitivity of 
osmoreceptors in different species. The goose is particularly sensi- 
tive to increased plasma tonicity and will invariably respond to so- 
called isotonic (0.154M) NaCl. It has been found that plasma Na and 
Cl concentrations were increased after the injection of large volumes 
of 0.154M NaCl (Hanwell et al., 1971b). Since no western gull and 
only a few ducks respond to this stimulus, osmoreceptors in the goose 
are considered most sensitive (Hajjar, Sattler, Anderson & Gwinup 
1970; Peaker, Peaker, Hanwell & Linzell, 1972). Since denervation 
(Ash et al., 1969) and cross-circulation studies (see Peaker, 1971b) 
have shown that secretion is dependent on intact innervation, there is 
no evidence to support the view that hormones elicit normal secretion 
(Phillips, Holmes & Butler, 1961). 

Only one study of denervation sensitivity has been reported 
(Gill & Burford, 1968). These workers found that chronically-denervated 
salt glands were supersensitive to tes salt load and that injection 
of parasympathomimetic drugs demonstrated the classic denervation 
sensitivity in terms of decreased threshold and increased duration of 
effect. However, they did not indicate which nerves were cut in their 
experiments. 

The rate of secretion varies among the different species. 
Gulls have been found to secrete up to .6 ml/g tissue/min (Schmidt- 
Nielsen, 1960), geese up to 1.9 ml/g tissue/min (Peaker, 1971b) and 
ducks .186 ml/min (Ash et al., 1969). The composition of the nasal 
fluid is predominantly Na and Cl ions, in about equal concentrations 


and with a small K ion concentration. Ducks and geese vary from 400 - 
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700 mEq Na‘/1, and gulls from 700 —- 800 mEq Nat yal One type of gull 
has been found to secrete up to 1100 mEq nat ya (Schmidt-Nielsen, 
1960). No other components, eg., protein, mucin, ment ions and NH, 
ions have been found in the secretion (Scothorne, 1959a). 

Salt loading a bird initiates a number of changes in the 
salt gland. One of the most important is increased enzyme activity, 
particularly ouabain-sensitive nat-K*-aTPase (Ernst, Goertemiller & 
Ellis, 1967; Fletcher, Stainer & Holmes, 1967). Gland size increases 
(Benson & Phillips, 1964; Ballantyne & Fourman, 1966) and as well a 
rise in glandular RNA has been observed (Ballantyne & Wood, 1969). 

It is of interest to note that the pituitary prolactin content of 
ducks is increased by 50% of the second day of salt feeding, and 
declines to subnormal levels by the fifth day (Ensor & Phillips, 1970). 
It has also been found that prolactin affects the secretory rate of 
ducks given a minimal stimulatory load of NaCl. Since the increased 
secretory rate could not be related to increases in plasma osmolality, 
it is thought that prolactin may directly affect the salt gland 

(Peaker & Phillips, 1969; Peaker, Phillips & Wright, 1970). 

Early dvi vastraeeutay studies on the glands of marine birds 
(Doyle, 1960) showed that the basal but not the luminal membrane of 
principal (secretory) cells was greatly infolded. In a thorough study 
of salt-stressed ducklings by Ernst and Ellis (1969), similar structural 
changes were evident. The peripheral cells which lie at the blind end 
of the secretory tubules are the same in both control and experimental 
ducklings. The partially-specialized secretory cells which are a 
transitional type, have fairly elaborate infoldings of the lateral but 


not the basal membrane. The fully specialized secretory cells are 
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packed with mitochondria and have numerous infoldings of basal and 
lateral membranes. This increase in surface area allows for greater 
absorption. The apical membrane does not show any infolding. 

A number of investigators have looked at the question of the 
establishment of a concentration gradient between plasma and secreted 
fluid. A study of the intracellular connentraeien of hal. Ke and Cl_ 
ions in vivo and in vitro (Peaker, 1971a), showed that the concen- 
tration of Na’ and Cl ions was lower in the gland than in plasma. 
This finding was in agreement with previous workers and therefore it 
might be concluded that the concentration gradient is established 
across the luminal membrane deeds secretion. 

There is evidence to suggest the presence of a tae pump on 
the luminal membrane of the secretory cell. An electrophysiological 
study of the salt gland has shown that during secretion the gland duct 
is electrically positive to the blood by 40 to 60 mV (Thesleff & 
Schmidt-Nielsen, 1962). Both secretion and potential difference were 
abolished by ouabain administration. Large quantities of ouabain- 
sensitive Na’ /e* ATPase have been found in the gland (Hokin, 1963; 
Ernst et al., 1967) and one hay (Ballantyne & Wood, 1970) has shown 
that Na’ /K* ATPase is concentrated on the luminal side of the cell. 

The proposed Na* pump (Figure 2) operates electrogenically 
with Cl following passively. Since the ra ions appearing in the 
secretion are not reaccumulated, it is thought that extrusion of Na 
ions is not coupled with a influx (Peaker, 1971b). However, al ions 


are necessary for stimulation of the pump (von Rossum, 1966). 
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Salt gland 


Ir electrogenic pump >*¢ non -electrogenic pump 
e.c.f. extracellular fluid 


Figure 2. A possible mechanism to account for ion transport in the 
salt gland (Peaker, 1971b). 


The ion movements across the basal membrane do not present 
such a clear picture. The role of ACH in stimulating salt transport 
is not known, but it appears likely that it may have several stimulatory 
effects on the secretory cell rather than a single, primary action. 
Whether it acts directly or via an intracellular messenger has not been 
established. 

Although evidence gathered thus far presents varying views, 
it seems quite plausible that a non-electrogenic pump transporting an 
and Cl into the cell might be operative at the basal membrane during 
secretion. This would involve movement of Na’ and Cl into the cell in 


exchange for Ht and HCO3 . This hypothesis (Peaker, 1971b) is supported 
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by the work of earlier investigators (Fange et al., 1958; Nechay, 
Larimer & Maren, 1960). 

During high secretion rates, the salt gland can remove large 
quantities of salt from the arterial plasma. In order to supply the 
salt glands with water, ions and metabolic substances, the blood flow 
through these glands must be high. Although vasodilatation had been 
observed indirectly during bherbvuon“(ranke et al., 1958b; Thesleff & 
Schmidt-Nielsen, 1962; Fange et al., 1963), it was difficult to obtain 
any quantitative measurements due to the inaccessibility of the blood 
supply. 

A comprehensive etlay of salt gland blood flow (Hanwell et 
al., 1971a), which combined the indicator fractionation technique of 
Sapirstein (1956, 1958) with the thermodilution method for cardiac 
output (Fegler, 1954), allowed for accurate measurement of changes in 
blood flow during secretion. In general, the results showed that in 
the control gland the flow was comparable to mammalian salivary glands, 
but in the salt-stressed geese this flow was increased about 14-fold. 

Since the rate of blood flow is not related to secretion rate, 
the calculated extraction of fohS and water from plasma was variable. 
However, in one goose, 57% Na and 80% Cl were removed from the plasma 
and secreted. It is probable that the large surface area of the in- 
folded basal membrane in salt-stressed birds could be partly responsible 


for the large uptake from the extracellular fluid. 


Ornithokallikrein: 


A number of studies have been undertaken to show the presence 


and role of various enzymes in functional and non-functional salt glands: 
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acetylcholine esterase (Ballantyne & Fourman, 1966; Ash et al., 1969; 
Cottle & Pearce, 1970), acid phosphatase (Scothorne, 1960; Ellis etal. 
1963; Kihhnel, Petry & Burock, 1969), acyltransferase (Levine, Higgins & 
Barnett, 1972), alkaline phosphatase (Scothorne, 1960; Ellis et al., 
19G5).; Ce eee ne triphosphatase (Ernst et al., 1967; Ballantyne 
& Wood, 1968; Ernst, 1972), butyrylcholine esterase (Ballantyne & Fourman, 
1966; Ash et al., 1969; Smith, Fourman & Haase, 1971), carbonic anhydrase 
(Schmidt-Nielsen, 1960), cytochrome oxidase (Ellis et al., 1963), a-8- 
galactosidase (Ktihnel et al., 1969), 8-glucuronidase (Ballantyne & Wood, 
1967; Kiihnel et al., 1969), monoamine oxidase (Ellis et al., 1963), 
succinic dehydrogenase (Scothorne, 1959b; Ellis et al., 1963). However, 
no work has been done on possible kallikrein content. To date, the 
major research has been done on pancreatic kallikrein which has been 
found in goose, hen, duck and pigeon and was named ornithokallikrein 
(Werle & Hurter, 1936). As in mammals, no kallikrein was found in the 
liver or muscle of chicken and goose (Werle & Hurter, 1936), but was 
found in goose, chicken and pigeon feces. 

This ornithokallikrein, which cleaves the arginine ester a-N- 
benzoyl-L-arginine ethyl ester (BAEe), was found to be hypotensive in 
birds only, inhibited by bovine pancreatic, hen and cattle plasma inhib- 
itors, as well as Trasylol, but was not affected by soyabean trypsin 
inhibitor (Werle, Hochstrasser & Trautschold, 1966). 

The action of ornithokallikrein on avian plasma releases an 
ornithokinin which is hypotensive only in birds, is rapidly inactivated 
by hen plasma and contracts the chicken ileum, a tissue insensitive to 
mammalian kinins (Werle et al., 1966). Acidification of plasma (pre- 


incubated at pH 2 for a short time and then held at pH 7.5) will produce 


= 


eoer ..fo to dad goaded: sain F niin san 
his Hs) AHR sae vstrreih F058) senredgsoiy Bins AON | 
3 eninge anti anarapalleag NOE eae: ooo: & i ton ona 
“ties ea: ata “208RE: “suracso2) <a i te 


ore 


1 anv igh line eet 7S $5 eee), opeatic acai in sake 
Aspe ds: dO at feces: weausied dnytotobesWaud’ Fete, deat joer 


aktiteabas atyodas atti Gn 7egeu a RSOtyOF,: atthe, + Oper. ae 


sia! tener 2s 19-eer ta) Seebexo omni osiee, OEE : 
(bool! 2 adysAb Ofer) senbbnoue Sata’, 62 (Bb, an ake 
ABO). fk 13°8 etrt3) ganbtxa suateneioeren ae ny caer 
abe =i fees i priest deeb. rdagatebay, ang | 
etit” ated ot “ans¥nes dtea ttl oi deaba hie suo sai. onl aol 

| assd, ane His sil nos d tas mune! am anak, asad ad sfiraocen 30 
ie pa aas edonsinie hhoitee opie. Ee Rooat. as bul von St bam 
ort Ab ‘wed Bey abyeaettoor pa eal 3 ‘A. em toast * mS 
We wate Wee, eer Wer ter: Be aba) ‘pets bona asststdo te oskpaii. coat ; 
mete «p98 wioagihG Bn ass Be cov0ng ak Ravel | 
Sa tongs poariega: oft sevnots sabe. imam ebir oe 
ok: aphebstongl ad) pe Baul any gsm! Benet ae eis. emaaens.: 


~_- 


digo}: inal Attias ibaa” pod 2 Heaxaate ‘ehved yd heskehitel | ciao abakd 
‘ pheqysy ‘fpodtbye we hosaeine oa 2sw ye: folweus? as Lisw as rae 


= ‘ 


i> tend (apeL tbiodaesue% & saseerdedaol aired) sia a 


a ‘ 4 in 


= — 


its geencior nares npive n° aboasiithasledstirro, ZO aoizae ott ei Pl pay 7 a 


ey 


ee 
ih 


pasdetasgas. eile at, cabana ai <kao wkenaioayel ef oli slatted steve ai 
ie i a ‘a ‘suis tahwget user ‘s emg ‘agile Fito, ont A228 abo baw ‘enoelg ree Veet t 


Le a 1 


- © am. ere 30 notsept2ghtok (oat oe 42. mau ania nat Leon 


Aho a 


the polypeptide (Werle et al., 1966; Werle & Leysath, 1967). There is no 
definite evidence indicating that the kinins produced by ornitho-kallikrein 
and acidification of plasma are the same. However, they both have a mole- 
cular weight of 6,000 to 6,500 and the amino acid composition of the 
"spontaneously-produced" kinin has been determined (Werle & Leysath, 1967). 


The following table indicates what residues are present. 


Table I. Amino acid composition of ornithokinin. 


Scat id a Residues Amino Acid Residues 
Arginine 8 Proline 4 
Lysine 6 Serine 4 
*Histidine 2 *Alanine 2 
*Glutamic Acid 2 Glycine ps 
*Aspartic Acid Zz *Threonine is 

Isoleucine 4 Tyrosine 2 
*Leucine 4 *Valine 2 


Phenylalanine 4 


The fact that seven ee the above eee acids (*) are not 
found in other kinins, plus other evidence already cited, indicates 
that ornithokinin is quite different from kinins found in other species. 
A study of the plasma kinins of reptilian and avian plasmas 
has revealed some interesting facts. If glass beads are rotated in 
reptilian or mammalian blood and exposed to avian plasma, kinin pro- 
duction is initiated. Thus, a prekallikrein, kininogen and kininase 


but not a contact factor are present. This released kinin contracted 
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the rat uterus and guinea-pig ileum and lowered the perfusion pressure 
in a dog's hind limb. Carboxypeptidase B also inactivated this kinin 


(Erdos, Miwa & Graham, 1967). Acidification of duck plasma by a method 


similar to that performed by Werle et al. (1966) released a kinin which, 


when assayed against bradykinin, was more active on guinea-pig ileum or 
dog hind limb perfusion than on rat uterus. Whether this kinin is 
similar to that released by activation with reptilian contact factor 
remains to be finalized. Definitely they are different from ornitho- 
kinin because it has no effect in mammalian systems. This evidence 
raises the possibility that birds have two kinin systems, one which 
lacks the contact factor, and the second releases ornithokinin which 


is inactive in mammals (Erdos et al., 1967). 


General Summary: 


With the information provided by the literature review as 
background, the following procedures were used in the study of avian 
kallikrein and the histological organization of the goose salt gland. 
1. Preparation of suitable aqueous and/or acetone extracts from goose 

salt gland and pancreas. 
2. Preparation of suitable extracts from hen pancreas for purposes of: 

(a) checking the experimental technique; 

(b) comparison with goose extracts. 

3. Biological assays were performed by: 
(a) using isolated strips of guinea-pig, hen and goose 
ileums to measure the kinin released from a suitable 
substrate; 


(b) measuring the vasodilatation induced by kinin released 
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from plasma in the intact hen and goose. 
Biochemical assays were performed using the synthetic substrate 
a-N-benzoyl-L-arginine ethyl ester (BAEe). 
Determination of salt gland organization was ascertained by a 


brief histological study. 
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II. Materials and Methods 
Animals: 

Fourteen domestic geese (4.3 kg - 6.6 kg) of either sex were 
used in the experiments. Of these, five were used for biological assays 
and nine were used to obtain salt and pancreatic glands. Generally, 
birds were exsanguinated and tissue removed. 

Eleven chickens (1.75 kg - 3.15 kg) of either sex were used 
for experimental procedures. Of these, three were used for biological 


assays and eight were sacrificed to obtain pancreatic tissue. 


Anesthetic: 
Birds were anesthetized with sodium pentobarbital (25 mg/kg 
I.V.). One goose was anesthetized with 60 mg/kg I.P., but this method 


was found to be too slow and was discontinued. 


Surgical Procedures and Recordings: 


Intravenous injections (drugs, anesthetic) were made through 
a cannula in the brachial vein. A tracheal cannula was inserted. 
Arterial blood pressure was recorded from the carotid artery via a 


Statham pressure transducer connected to a Grass pen recorder. 


Preparation of Tissue Extracts: 
A. Goose Salt Gland: 


1. Aqueous Extracts: Two pairs of glands were excised from birds 


which had been especially sacrificed or used for biological assay. The 
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glands were cleared of connective tissue, washed in saline, weighed 

and freeze dried. These were then homogenized with WisFinied whkex 

to which a drop of 1% Triton had been added and the resulting homogenate 
was centrifuged at 10,000 rpm and 4°C for 20 minutes. The supernatant 


was freeze dried and stored in a dessicator. 


2. Salt gland extracts were also prepared by a combination acetone- 
aqueous method. The excised glands were washed in saline, weighed, 
freeze dried and homogenized in 50% acetone (2 ml/g wet wt.). The 
resulting homogenate was centrifuged at 10,000 rpm and 4°C for 30 min- 
utes. The resulting precipitate was dried overnight in a dessicator 
under partial vacuum. An aqueous extract was made and the suspension . 
centrifuged under the conditions already noted. The supernatant was 
dialysed overnight at 4°C against a large volume of distilled water. 


The resulting clear solution was freeze dried and stored in a dessicator. 


3. (a) Another aqueous extract of the gland was prepared by the 
following method. One pair of glands was excised, cleared of connective 
tissue, distilled water added and pH adjusted to 4.5 with hydrochloric 
acid. The preparation was left 4 1/2 hours at room temperature so that 
activation could occur. The pH was then adjusted to 6.7 after addition 
of distilled water. The tissue was homogenized and centrifuged at 


10,000 rpm and 4°C for 20 minutes. The supernatant was removed and used 


for biochemical assay, 


3. (b) Some tissue was prepared as above with one additional step. 
The supernatant recovered after centrifugation was dialysed overnight at 


4°C against distilled water. 
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4. (a) Aqueous extracts were also prepared by homogenizing the 
tissue with an equal volume of distilled water, centrifuging the homo- 
genate at 13,000 rpm and 4°C for 30 minutes and dialysing the super- 
natant overnight at 4°C against distilled water. Some of the super- 
natant was used for biochemical assay and the remainder was freeze 
dried. On one occasion the precipitate from centrifugation after 


dialysis was kept and freeze dried with the supernatant. 


4. (b) Acetone extracts of this freeze dried material were prepared 
by adding 30% acetone (2 ml/g wet wt.) and homogenizing. The homogenate 
was centrifuged at 10,000 rpm and 4°C for 15 minutes, and to the 
resulting supernatant was added pure acetone to a final concentration 
of 75% (2.6 ml/ml supernatant). The suspension was centrifuged at 
10,000 rpm and 4°C for 15 minutes and the precipitate dried in a 


dessicator under partial vacuum. 


B. Goose Pancreas: 


1. Goose pancreatic extracts were prepared as in (2) above, 


2. Acidified extracts of glandular tissue were prepared as in (3) 
above but biochemical assays failed to indicate any kallikrein activity. 
It was found that the dialysis step (which followed the preparation of 
the aqueous extract) seemed more important than acidification, so most 


pancreatic extracts were prepared as in 4(a) and 4(b) above. 


C. Hen Pancreas: 


1. Acidified tissue extracts were prepared as previously described, 
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2. It was found that dialysis of the aqueous extracts and subse- 
quent preparation of acetone precipitates yielded the best assay 
results. Tissues were handled as described in 4(a) and 4(b) above. 

A summary of the different tissues and modes of preparation is found 


im Table Ly. 


Tablesliw sLissues Extracts. 


== SS 


Animal 


Preparation 


Goose Salt Gland j|Aqueous Extract i 
Acetone (50%)-Aqueous Extract 2 
Acidified Aqueous Extract 3 
Aqueous-Acetone (75%) Extract 4 
Goose Pancreas Acetone (50%)-Aqueous Extract 2 
Acidified Aqueous Extract 3 
Aqueous-Acetone (75%) Extract 4 
Hen Pancreas Acidified Aqueous Extract ) 


Aqueous-~Acetone (75%) Extract 


Preparation of Substrate: 


Attempts were made to measure the potency of kallikrein 


solutions (gland extracts) by assaying the amount of kinin that might 
be released from a substrate. Substrates used were fresh dog plasma, 
"heated dog globulin' and 'heated chicken and goose globulin’. The 


preparation of ‘heated substrate' entailed defibrination, heating plasma 
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to destroy any kininase, and dialysis against saline. After precipitation 


at 4°C with (NH,)2S0O,, saturated at 0°C, the suspension was centrifuged. 
The resulting precipitate was dissolved in water (1/3 original plasma 
volume) and dialysed at 4°C for 48 hours. The supernatant collected 
after centrifugation was freeze dried (Holdstock, Mathias & Schachter, 


19ST )% 


Conditions of Assay: 


Biological assay of kallikrein activity was performed by: 

1. Using the guinea-pig, goose and hen ileum to measure kinin released 
from dog, goose or hen Seed The assay preparation, a piece of iso- 
lated ileum, was suspended in a 10 ml bath in Tyrode solution (mM/1: 
Na€1, 34.25 of 4M stock; KCl, 2.7 of 1M stock; CaC15, 1.8 of IM stock; 
MgC15, .5 of 1M stock; NaHjP0O,, 3.6 of 1M stock; NaHCO3, 24 of 1M stock; 
glucose, 1 g/1), at 30° - 32°C or 37°C (hen) and aerated with 95% 05-CO» 
mixture. The load on the ileum was one or two grams. Contractions of 
the ileum were recorded with a Grass force transducer which was con- 
nected to a Grass pen recorder, 2, Measuring the vasodilatation in- 
duced by kinin released from $i BSnit in the intact animal. The pressure 


recording was made from the carotid artery as previously described. 


Biochemical Assay: 


Biochemical assay of kallikrein activity may be carried out 
with ease and high reproducibility by using synthetic substrates. 
Kallikrein has a high specificity of the proteolytic activity, but is 
less specific as an esterase, cleaving only arginine esters such as 


a-N-benzoyl-L-arginine methyl ester (BAMe), a-N-benzoyl-L-arginine ethyl 
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ester (BAEe) and a-N-p-tosyl-L-arginine methyl ester (TAMe). Hydrolysis 
of BAEe (found to be the best substrate) to benzoyl-L-arginine and 
ethanol allows five different methods for assaying esterolytic activity. 
The method found most satisfactory was spectrophotometric determination 
of kallikrein activity by enzymic ethanol assay. With this method a 
change of absorbance of 0.0011 AE/min/3 ml total test volume in every 
NAD-dependent reaction corresponds to an enzyme activity of one milli- 
unit. About 5 mU or .1 KU of kallikrein can be determined with this 


method. The assay as described by Trautschold (1970) was used. 


Assay: 


Wavelength 366 nm; total volume cells 1.5 ml; temperature 
25°C; incubation time 5 - 10 minutes. 1.0 ml pyrophosphate (0.2M) 
- semicarbazide (0.2M) - glycine (0.05M) buffer (pH 8.5) was placed 
in the cell; 0.05 ml of nicotine amide dinucleotide (NAD, 0.03M), 
0.1 ml of alcohol dehydrogenase suspension (30 mg enzyme protein/ml) 
and 0.25 ml of a-N-benzoyl-L-arginine ethyl ester HCL (BAEe, .006M) 
were added, mixed and incubated for 5 minutes. The reaction was 
started by adding 0.1 ml or less of the kininogenase. The zero optical 
density was recorded against distilled water and readings Pe Ten 
every minute for 10 minutes. Increase of absorbance per minute should 
not exceed 0.03. 

Standard kallikrein (1 mg/ml) and bovine pancreatic trypsin 
(4 mg/25 ml .001N HC1) were also used with BAEe and the efficacy of the 
inhibitors, soyabean trypsin inhibitor (SBTI, 3 mg/1.5 ml buffer) and 
Trasylol (5,000 KIU/m1) were tested against these preparations. Tra- 


sylol is a kallikrein-trypsin inhibitor of bovine origin. Although 
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benzoyl arginine-p-nitroanilide HCl (BANA) is the best substrate for 
trypsin (Nagel, Willig, Peschke & Schmidt, 1965; Haverback, Dyce, 
Bundy & Edmundson, 1960; Trautschold, 1970), problems in obtaining 
adequate results precluded the use of this substrate. Because of this 
difficulty, BAEe was used for determination of kallikrein and trypsin 
activity and the use of suitable inhibitors, SBTI and Trasylol, has 


enabled an elucidation of separate activities. 


Protein Analysis: 


The soluble protein content of the aqueous and acetone ex- 
tracts was determined by the assay method described by Lowry, 


Rosebrough, Farr and Randall (1951), with some modification. 


Assay: 


Wavelength 660 nm; total volume of cells 3 m1; temperature 
25°C. 20 ml of solution A (2% NayCO3 in .1N NaOH), 0.2 m1 solution B 
(1% CuSO,) and 0.2 ml solution C (2% sodium potassium tartrate) were 
mixed. The sample (tissue extract) was added to 1 ml Hj0, 5 ml of 
(A+B+C) were added and theapered for 10 minutes, 0.5 ml phenol reagent 
(1:1 dilution) was added and incubated for 10 minutes. The sample was 
read against a blank containing all of the aheve except the experimental 
sample. Protein content was determined by reading from the standard 


curve. 


Preparation of Histological Specimens: 
Small pieces of salt gland were excised as quickly as possible 


and fixed for at least 12 hours in Bouin's solution (75 ml saturated 
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aqueous solution of picric acid; 25 ml 10% formalin; 5 ml glacial acetic 
acid). The specimens were washed for 24 hours in running water, dehy- 
drated with alcohol, cleared with xylene and embedded in paraffin. 
Sections (7) were cut with a steel knife on a Leitz-Wetzlar rotary 
microtome and stained with Harris’ haematoxylin and eosin. Sections 
were mounted in a synthetic resin, Permount, and examined with a Zeiss 


light microscope. 


Drugs: 
acetylcholine chloride; atropine sulfate; bradykinin; 


heparin sodium; histamine; mepyramine maleate. 
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LE Results 


Physiological Results 


Goose Salt Gland: 

Biological Results: An aqueous extract. of goose salt gland 
assayed on See ea ileum gave negative results. As illustrated in 
Figure 3, a dose of ACh (0.05 ug) indicated that the gut ieee sensitive 
but no kinin-like activity was shown in assays involving salt gland 
extract, salt gland and goose plasma substrate, and incubation of a 
mammalian substrate, fresh dog plasma and salt gland extract. Generally 
the gut is sensitive to bradykinin at a concentration of 1 to 10 ng/ml. 

The possible hypotensive effect of an ornithokallikrein- 
ornithokinin system was assayed in three geese. Aqueous preparations 
of the salt gland (2 mg; 8 mg) failed to elicit any vasodilatation as 
indicated in Figure 4A. The work of previous investigators (Werle et al., 
1966) indicated that aaa ey kinins have no effect on avian systems. 

A test with bradykinin was in agreement with this result. 

Acetone extracts (method 2) of varying concentrations (100 ug; 
750 ug; 2.2 mg) tested in two geese failed to elicit any response. In 
contrast, acetone extracts of goose pancreas did have a hypotensive 
effect, indicating the possible presence of ornithokallikrein (Figure 4B). 

Figure 5 shows the result of salt gland extract (method 4) 
tested in one chicken. The intravenous injection of a 5 mg sample did not 
elicit any response, while the same concentration of goose pancreatic 


extract and hen pancreatic extract (100 ug) caused a vasodilatation. 
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Figure 3. 


Bioassay of goose salt gland extract on guinea-pig ileum. 


1) 
2) 
3) 
4) 


5) 


6) 


ACh GP GSG 6SG+GP GP+G6SG DP+GSG 


ae em, 
| min 


acetylcholine, 0.05 ug 

goose plasma (50 mg/ml), 0.2 m1 

goose salt gland, 1 mg 

goose salt gland (1 mg) and goose plasma substrate 
(0.2 mP) incubated Ms" 37°C 

goose plasma substrate (0.4 ml) and goose salt gland 
(1 mg) 

fresh dog plasma substrate (0.3 ml) and goose salt 
gland (1 mg) incubated 1' 37°C 
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Figure 4. Bioassay of goose salt gland extract on blood pressure of 
two geese. 
A. 1) goose salt gland, aqueous extract, 2 mg 
2) goose salt gland, aqueous extract, 8 mg 
3) bradykinin, 1 ug 


B. 1) goose salt gland, acetone extract, 2.2 mg 
2) goose pancreas, acetone extract, 2.2 mg 
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Figure 5. Bioassay of goose salt gland extract on hen blood pressure. 


1) hen pancreas, 100 ug 
2) goose pancreas, 5 mg 
3) goose salt gland, 5 mg 


(all extracts are 75% acetone precipitates), 
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Goose salt gland extracts were not assayed on the isolated 


goose or hen ileum. 


Biochemical Results: Prior to performing the assays of the 
pancreatic and salt gland extracts, the inhibitors, SBTI and Trasylol, 
were checked against standard kallikrein and trypsin. The general 
pattern indicating the rate of activity is shown in Figure 12. 

Two attempts to measure kallikrein activity were made without 
any success. The first assay utilized an acidified, undialysed aqueous 
preparation (method 3a) and the second assay was done on an acidified, 
dialysed aqueous extract (nathod 3b). Although this assay showed non- 
specific esterase activity, it was not possible to distinguish any 
activity indicative of kallikrein. 

A third assay was done using a 75% acetone preparation 
(method 4) and unusual results occurred. There was some indication 
of non-specific esterase activity, but the use of inhibitors gave 
results which showed that kallikrein-like activity was present 
(.98 KU/mg protein; 2.4 KU/g fresh tissue). It was not possible to 
reconcile this finding with other biological and biochemical data. 

The pattern of activity showed an apparent potentiation of activity 
by SBTI. 

No ornithokallikrein activity was detected in any of the 
biological assays performed (goose and hen blood pressure), Bio- 


chemical assays, with the one exception, also yielded negative results. 
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Goose Pancreas: 

Biological Results: The biological assay using the guinea- 
pig ileum and goose pancreatic acetone extract (method 2) failed to 
elicit any response. As shown in Figure 6, goose plasma and dog 
plasma were used as substrates, 

One assay using the isolated goose ileum (Figure 7) gave 
dubious results. The gut was responsive to ACh but not to mammalian 
bradykinin. Samples tested were goose plasma, trypsin and goose 
pancreas extract, using goose plasma as substrate. Since it was 
difficult to maintain a steady base line, it cannot be said with 
certainty whether the slight contraction which appeared with goose 
pancreas and plasma was due to released kinin or irregular natural 
activity. 

Many in vivo assays of goose pancreatic extracts on three geese 
yielded interesting results: A threshold dose of pancreatic extract 
was difficult to ascertain as intraspecies variation was indicated by 
the fact that varying concentrations (250 ug to 2.5 mg) had to be 
used to elicit a response. In order to separate trypsin and ornitho- 
kallikrein activity, the inhibitor, SBTI, was used. In tests on two 
geese, similar concentrations of trypsin and pancreatic acetone 
extract (method 2) were incubated with SBTI. As illustrated in Figure 
8, the trypsin was blocked but there was no effect on the vaso- 
dilatation evoked by the pancreatic extract. However, a reversal of 
these findings was obtained in two tests onone goose. Figure 9 shows 
that goose pancreatic extract (method 4) elicited a hypotensive 


effect which was definitely blocked by SBTI used in the same ratio 
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Figure 6. Bioassay of goose pancreas extract on guinea-pig ileum. 


1) goose pancreas, 5 mg, and goose plasma substrate 
(50 mg/ml), 0.4 ml 

2) goose pancreas, 5 mg, + fresh dog plasma, 0.3 mi + 
human saliva, 0.1 ml 
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Figure 7. 


Bioassay of goose pancreas extract on goose ileum. 


1) 
2) 
3) 
4) 


5) 


GP +Tryp GP+GPan 


Snape | 
I min 


acetylcholine, 1 ug 

bradykinin, 0.5 ug 

goose plasma substrate (15 mg/ml), 0.3 ml and 
trypsin, 0.1 mg, not incubated 

goose plasma substrate, 0.3 ml, and trypsin, 
0.1 mg, incubated 1, 37°C 

goose plasma substrate, 0.3 ml, and goose 
pancreas, 0.5 mg, incubated 1' 37°C 
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Figure 8. Bioassay of goose pancreas extract on goose blood pressure, 


1) goose pancreas, 250 ug 

2)" trypsin, -o- me 

3) trypsin, 5 mg, + soyabean trypsin inhibitor, 
10 mg, incubated 10' 37°C 

4) goose pancreas, 5 mg 

5) goose pancreas, 5 mg, + soyabean trypsin 
inhibitor, 10 mg, incubated 10' 37°C 
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Figure 9. Bioassay of goose pancreas extract on goose blood pressure. 


1) goose pancreas, 2.5 mg 

2) goose pancreas, 2.5 mg, + soyabean trypsin 
inhibitor, 5 me, incubated 10° 37°¢ 

3) goose pancreas, 2.5 mg 
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as the previous assay, i.e., 1:2, extract to inhibitor. In this same 


assay a similar concentration of trypsin was blocked by the inhibitor. 


Biochemical Results: The compiled results of different 
pancreas extracts are presented in Table III. As with the goose salt 
gland, an assay of the acidified, undialysed aqueous extract (method 
3a) yielded negative results. When the extract was prepared as 
indicated in method 3b - acidified, dialysed aqueous extract - 
kallikrein activity was found in the unacidified portion (Goose II). 
This finding seemed to indicate that acidification of the extract was 
not important in activating kallikrein activity. Of the extracts 
tested, the 75% acetone preparation (method 4) was most active. 

Goose I extract (method 2), a six-month old preparation when tested, 
showed a modicum of kallikrein activity. Since no protein assay had 
been done, an adequate comparison with Goose III was not possible, 

Although only a few biochemical assays were done, there was 
indication of ornithokallikrein activity. Acetone extracts appeared 
more active than aqueous extracts and when tested biologically (goose 
and hen blood pressure), vasodilatation occurred. As expected, an 
assay using the guinea-pig ileum was negative. Equivocal results 
were obtained when the assay was performed using the goose ileum. 

In the biological assays, the use of SBTI gave different results; in 
some instances it blocked all activity of the extract, and at other 
times there was no inhibition. When this inhibitor was used in the 


biochemical assays, only the trypsin activity was blocked. 
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Table III. Goose pancreatic estrolytic (BAEe) activity as found in 


aqueous and/or acetone extracts. 


Sample Specific Activity KU/g fresh 
KU/mg protein tissue 
Goose I no protein assay -38 


(acetone extract) 


Goose II = m 
(aqueous extract 
- acidified) 


Goose II -0006 LY 
(aqueous extract 
~nnon-acidified) 


Goose III 06 go 5 
(75% acetone 
preparation) 
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Hen Pancreas: 

Biological Results: Since the original work on ornitho- 
kallikrein had been done using the hen pancreas (Werle & Hurter, 

1936; Werle et al., 1966), it was decided that preparation of a 
suitable extract would provide a useful check on the assay techniques 
which had been employed and would also serve as a basis for comparison 
with the goose extracts. 

Hen and goose pancreatic extracts (method 4), tested on dne 
henand one goose (Figure 10A) showed that hen extract is more active 
than goose extract. 

A slight vasodilatation was induced by as little as 100 ug 
of hen pancreas when tested on hen blood pressure and 200 ug of the 
same preparation gave a larger and more lasting effect than 500 ug of 
goose pancreas. Similar concentrations of both extracts tested on 
goose blood pressure (Figure 10B) indicated that hen pancreas evoked 
a larger and slightly more prolonged vasodilatation than did goose 
pancreas. 

The inhibitor, SBTI, was again employed to separate trypsin 
and ornithokallikrein activity. In tests onone hen and one goose (Figure 
11), the inhibitor blocked the action of the hen pancreatic extract 
on both hen and goose blood pressure. As noted in some of the tests 
with goose pancreatic extract and SBTI, this finding is contrary to 
what is known about the action of this inhibitor and ornithokallikrein 
(Werle et al., 1966). 

Attempts to use the isolated hen ileum to measure ornitho- 
kallikrein released from a suitable substrate by either goose or hen 


Pancreatic extracts were unsuccessful, 
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Figure 10. Bioassay of hen and goose pancreas extracts using hen 
and goose blood pressure. 


A. 1) hen pancreas, 100 ug 
2) hen pancreas, 200 ug 
3) goose pancreas, 500 ug 


B. 1) goose pancreas, 2.5 mg 
2) hen pancreas, 2.5 mg 
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Figure 11. Bioassay of hen pancreas on hen and goose blood pressure. 


A. 1) hen pancreas, 200 ug 
2) hen pancreas, 200 ug, + soyabean trypsin inhibitor, 200 ug, 
incubated 10' 37°C 
3) hen pancreas, 200 ug 


B. 1) hen pancreas, 2.5 mg 
2) hen pancreas, 2.5 mg, + soyabean trypsin inhibitor, 2.5 mg, 
incubated 10' 37°C 
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Biochemical Results: A number of assays (Table IV) of hen 
Pancreatic extracts yielded interesting resuits. In all tests except 
one where both aqueous and acetone extracts of the same preparation 
were assayed, it appeared that the acetone extracts showed more 
kallikrein activity. Different centrifugation speeds, 10,000 and 
13,000 rpm, of aqueous extracts were tried to see if this parameter 
would alter the general pattern. Results obtained vee consistent 
with the exception noted above. 

The results obtained from Hens I and II are incomplete in 
that assays were not done on the acetone extracts of I and the aqueous 
extract of II. However, the results obtained in II are consistent with 
those obtained for other acetone extracts. The very high specific 
activity found for the two tests of Hen I, acidified and non-acidified 
preparations, was attributable to dialysis of the aqueous homogenate 
which was introduced when early hen extracts were prepared. Although 
this Eee method was followed in subsequent preparations, this 
high specific activity et not duplicated. 

The general pattern of activity for the extracts showed that 
in aqueous preparations of hen pancreas, the rate of activity without 
any inhibitor (Figure 13) was faster than when inhibitors were present. 
The one exception was Hen III(a) in which the rate of activity without 
any inhibitor was the slowest rate. Aqueous preparations of goose 
pancreas followed the general pattern. 

A study of the rate of activity of the acetone preparations 
showed an interesting result. In all hen pancreatic extracts tested 
except III(b), the rate of activity with SBTI was the fastest (Figure 


14). The one exception followed the pattern for aqueous extracts. 
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Table IV. Hen pancreatic esterolytic (BAEe) activity as found in 


aqueous and/or acetone extracts. 


fats AAS ES BoE ea ee Re BEE eee ee 

Sample Specific Activity KU/g fresh 
KU/mg protein tissue 

Hen I (10.4 Sad, 

(aqueous extract 

= acidified) 

Hen I 3 A 39.9 

(aqueous extract 

- unacidified) 

Hen II soo2 2.9 


(acetone extract) 


Hen III (a) 

aqueous extract 2524 9.6 

acetone extract -446 2695 
Hen III (b) 

aqueous extract .298 O23 

acetone extract 2.46 12 

Hen IV(a) 

aqueous extract 005 295 
acetone extract 374 3.9 

Hen IV(b) 

aqueous extract .007 «ST 
acetone extract 438 Dae 

Hen V 

aqueous extract ~474 21.8 


acetone extract 5.34 33.9 
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Figure 12. 


| “T+Trasylol 
"K+ Trasylol 


Time (min) 


Inhibition of standard enzymes. 


Trypsin, T, 0.8 ug (@) 
Standard Kallikrein, K, 5.0 ug (A) 
Trypsin, T, 0.160 ug, + soyabean trypsin 
inhibitor , “SEIT, 10.661 ¢0(0) 
Standard Kallikrein, K, 2.0 ug, + Trasylol, 5 KIU (4) 
Irypsin, T, 0.160 pg, + Trasylol, 5 KIU (a) 
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HP + Trasylol 


4 6 8 10 


Time (min) 


Hen pancreatic esterolytic (BAEe) activity of aqueous 


Total esterase activity, HP, 0.5 mg (e) 
Hen pancreas, HP, 0.1 mg, + soyabean trypsin 


Inbipitor, Salis Love (0) 
Hen pancreas, HP, 0.1 mg, + Trasylol, 25 KIU (4) 
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Figure 14, 
extract. 


HP+SBT | 


HP+ Trasylol 


2 4 6 8 10 
Time (min) 


Hen pancreatic esterolytic (BAEe) activity of acetone 


Total esterase activity, HP, 10 ug (e) 

Hen pancreas, HP, 2.0 ug, + soyabean trypsin 
inhibitor, SBTI, 10 ug (0) 

Hen pancreas, HP, 2.0 ug, + Trasylol, 25 KIU (A) 
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In the two geese pancreatic extracts, one showed the faster rate with 
and one showed the faster rate without SBTI. This pattern is similar 
to the results obtained in the one assay performed on acetone extract 
of the salt gland. 

In general, the results indicated that acetone preparations 
seemed more active than aqueous preparations, even though there was a 
range of activities in the various parameters calculated. This vari- 
ation could possibly be due to individual differences. All acetone 
extracts when tested biologically (hen and goose blood pressure) 
caused vasodilatation. Hen pancreatic extract was more active than 
goose pancreatic extract when tested in both hen and goose. The use 
of SBTI in the biological assays blocked all pancreatic activity, 
whereas only the trypsin activity was blocked in the biochemical 


assays. 


Histological Results 


A partial picture of the general organization of a secretory 
lobule is seen in Figure 15. One of the more prominent features is 
the interlobular connective tissue. The lobule is comprised of 
secretory cells, arranged in a radial pattern around the lumen of a 
secretory tubule. 

A higher magnification of the secretory cells is seen in 
Figure 16. A better idea of the organization of the secretory cells 
may be noted and also the presence of intralobular connective tissue. 


There does not appear to be any differentiation of cell types present 


in the lobule. 
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Figure 15. Histoldgical section of a secretory lobule of a non-functional 


goose salt gland. 


(St). (x 40). 


Interlobular connective tissue (ICT)3 secretory cells 
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Figure 16. Histological section of secretory cells of a non-functional 


goose salt gland. Secretory cells (SC). (x 160). 
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IV. DISCUSSION 
Pancreatic Extracts: 

The present investigation of ornithokallikrein in the goose 
and hen pancreas has shown it to be activated by acetone. Acidification 
of tissue did not appear to be an important procedure. All extracts, 
both goose and hen, prepared by procedures outlined in the methods 
section were hypotensive (Figures 8, 10) when tested enerobes and hen 
glood pressure. Goose pancreatic extract, when assayed on guinea-pig 
isolated smooth muscle, showed no kinin releasing activity when either 
an avian or mammalian substrate was used (Figure 6). Contrary to what 
might be expected, negative results were obtained when goose pancreas 
was assayed on isolated goose ileum. Although a slight trace might be 
perceptible (Figure 7), results were too tenuous to argue for successful 
assay with this system. The possibility that kininases might have in- 
activated Feleased ornithokinin is a possibility, but it was hoped that 
suitable preparation of the substrate would have obviated this diffi- 
culty; however, pancreatic kininases might have been present. 

The in vivo studies of goose and hen pancreatic extracts, 
and soyabean trypsin inhibitor yielded conflicting results. In agree- 
ment with previous investigators (Werle et al., 1966), one assay with 
goose pancreas and SBTI showed that trypsin but not kallikrein activity 
was blocked (Figure 8). This result was reproducible. A second assay, 
also on goose, showed that goose pancreatic kallikrein was blocked by 
SBTI (Figure 9). The only difference in the extracts tested was the 
mode of preparation. The extract assayed in Figure 8 was prepared by 


method 2 and the extract tested in Figure 9 was prepared by method 4, 
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Hen pancreatic extracts, also prepared by method 4, when tested in both 
hen and goose (Figure 11) showed an inhibition of what appeared to be 
kallikrein activity by SBTI. Although hen pancreatic extract, prepared 
according to method 2 was active biochemically (5.9 KU/g fresh tissue), 
no biological assay was done. It is not known whether the particular 
acetone preparation (method 4) is solely responsible for this variability. 

Goose and hen pancreatic extracts when assayed biochemically 
showed kallikrein activity (Tables III, IV) with one exception; one 
acidified, aqueous extract of goose pancreas gave no results. However, 
an acidified preparation of hen pancreas did show kallikrein activity. 
Whether this is an tects interspecies difference is not known 
because only one such assay was done. 

A general pattern emerging from the biological and bio- 
chemical assays shows that hen pancreatic extracts are more active than 
goose extracts (Figure 10; KU/g fresh tissue of Tables III and IV). 
Since no comparative study has been done on birds, it is not known 
which species or which tissue is the richest source of kallikrein. 

One of the problems with the assay was the fact that no 
purified ornithokallikrein or kinin was available as a commercial 
preparation. As a result, quantitative results were not possible 
because mammalian kallikreins and kinins have no effect in birds 
(Figure 4). A threshold dosage of goose pancreatic extract was not 
ascertained with certainty because different geesa responded to a range 
of extracts, 250 pg to 5.0 mg. This response did not seem to be 
dependent on the mode of preparation, Hens were generally responsive 
to 100 pg of hen pancreas but a larger dose (2.5 mg) was required to 


elicit a response from goose. Inter- and intraspecies differences 
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might account for these findings. 


Goose Salt Gland: 

The brief histological study of the goose salt gland showed 
that its organization was similar to that described for ducks by Ernst 
and Ellis (1969). The non-functional gland has a large amount of 
connective tissue, and it is not Séueabec to easily distinguish cell 
differentiation in the lobule, eg., between peripheral and secretory 
cells. Although not shown in either figure, the duct of the salt 
gland is lined with a columnar epithelium. 

A number of assays, both biological and biochemical, were 
performed using the salt glands to determine the presence of ee 
kallikrein. Tissues were prepared by various methods as outlined in 
Chapter II. An assay using the isolated guinea-pig ileum (Figure 3) 
yielded negative results. This finding would be in agreement with 
the well-known fact that avian kallikrein has no effect in mammalian 
systems. Further assays using the goose and hen blood pressures 
(Figures 4, 5) also yielded negative results. Although goose and hen 
pancreatic extracts in the eae or smaller concentrations were active, 
there was no discernible salt gland activity. 

Biochemical assays of salt glands, acidified aqueous 
preparations and non-acidified, dialysed preparations, showed no 
kallikrein activity. When a 75% acetone preparation was assayed, 
apparent kallikrein activity was evident. The trace of the activity 
was similar to that determined for assays of hen pancreas (75% acetone 


preparation), and indicated that there was an apparent stimulation of 


activity by adding SBTI (Figure 14). 
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Some studies were then undertaken to check the assay 
system. Although it had been reported that ornithokallikrein hydro- 
lyses BAEe (Werle et al., 1966), the exact assay system was not 
indicated. 

The checks carried out, using hen and goose pancreas and 
goose salt glands, included alteration of SBTI concentrations (0.5 mg 
to 5.0 mg/ml); different volumes of BAEe (50 to 500 WLS taticheck to 
see if other components of the assay showed absorbance at 366 mp; 
use of .001% CyHs50H in the assay system instead of ADH. 

The results indicated that two problems might exist in 
the assay when 75% acetone extracts were used: (1) absorbance by 
other components of assay system at 366 mu3 (2) apparent stimulation 
within the assay system by addition of SBTI, and SBTI + HP, 

Some attempt was made to correct for the first problem 
on the tracés obtained of enzyme activity, but this did not greatly 
alter the original results. The possible percentage of stimulation 
within the assay system was not accounted for. It seems valid to 
say that this particular assay system is not suitable for use with 
75% acetone tissue extracts, ae could be used with other extracts as 
already indicated. Another possible reason for these results might 
be the presence of residual acetone in the extracts since the only 
means taken to dry them was in the dessicator. The possible action 
of acetone on the assay system was not tested. 

In spite of these problems, the biological and biochemical 
assays show that ornithokallikrein is present in the goose and hen 
Pancreatic extracts, but there does not seem to any in the salt gland. 


There is still the possibility that the methods used failed to extract 
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it from the gland or that it requires a very different activating 
system from those already known for other kallikreins, 

The evidence obtained in these experiments makes it 
extremely unlikely that a kallikrein-like enzyme plays a part in 
physiological vasodilatation in the salt gland of the goose. The 
vasodilatation which accompanies secretory nerve stimulation in this 
gland, like that of the salivary piande of mammals is atropine 
resistant, hence there would appear to be a parallel between these 
two different systems in birds and mammals. The fact that, unlike 
the submaxillary glands of mammals, the salt gland of the goose, and 
probably of other similar eas. contains no kallikrein-like substance 
would appear to make it unlikely that submaxillary kallikrein is the 
mediator of vasodilatation in the salivary gland of mammals. The 
atropine-resistant vasodilator effects of parasympathetic nerve 
stimulation.in birds and mammals remains an interesting and un- 


explained phenomenon. 


| guksevtios sqargtdie vie o | 
ances Le nae wi é | 

$5 asian RI Oa RONME dei me Serna te soaebive - 

: a 8g 6 bel: means ot no oep eta, vans ciate 
per OER as ‘aa ai kg ‘atmo aah ci os a 


e 


ala ax oot sobsetunt ae arse rompagaee bos ; 
ni adrqaxie at ecaatiasl in abcint corain aa 
rey nabs Lebiarega » ef 09 eam Bl 5G | 

g seni 25) tet ott ¢ - abe Be abe 
here , aROBR sini te 0 bret 294 asus 
sno iedte Seed cate: Or eakesnds wird 
any as akers: ites ciel Tixaudes ants casi 9 
ea | fei to, bing seven ald ! oie 
5 ae svrken nominee ad aban 4 


( ' r, 
’ e BE ; 
= ~ 
Ls ae aN M , , 
2 2 2) ar hie cul hi “i Ny ane 
a 5 : # 2 nih 
igh oe th ’ 
= a ? : : 4 
¥ e. iy 
me = - «f \ 7 . 
4 Agia 2 
4 r cae \ Pe = i - 
42 ha ‘ G : 
7 <= : ~ bp heey 
t 7 a ' =< 7 
5) us ut fi ~ ; 
a] row 
f 
‘ 4 
= a > e 2, é F 
Z oS ; 
= 
: | | 
é : on, 
: io x as) s i! 4, 


Ambache, N. 


References 


(1955) The use and limitations of atropine for pharma- 
cological studies on autonomic effectors. Pharmac. Rev. 


haope. 


Ash, R.W. (1969) Plasma osmolarity and salt gland secretion in the 


duck.) iO. J, exp. Physiol. 54, 68. 


Ash, R.W., Pearce, J.W. & Silver, A. (1966) Factors influencing 


secretion from the salt glands of the domestic duck. 


J Physiol. £56.) Sor. 


Ash, R.W., Pearce, J.W. & Silver, A. (1969) An investigation of the. 


Ballantyne, 


Ballantyne, 


Ballantyne, 


Ballantyne, 


nerve supply to the salt gland of the duck. Q. Jl. exp. 
Physiol. 54, 26k, 


B. & Fourman, J. (1966) Cholinesterase and secretory 


activity of duck supraorbital gland. J. Physiol. 188, 32P. 


B. & Wood, W.C. (1967) A histochemical and biochemical 
investigation of 8-glucuronidase activity in the quiescent 
and secreting supraorbital gland of Anas domesttecus. 

Js Physiol. 191, 20P. 

B. & Wood, W.G. (1968) ATPase and Na” transport. Histo- 
chemical and biochemical observations on the avian nasal 
gland. .J. Phystol. 196, 1252. 

B. & Wood, W.G. (1969) Mass and function of avian nasal 


gland. Cytobiosis 1, 337. 


Barcroft, J. & Miiller, F. (1912) The relation of blood flow to meta- 


bolism in the submaxillary gland. J. Physiol. 44, 259. 


a 


Es : ‘ ae ie : oA 
a er iniebie Sande | 0 a 


ailz. al poksensee ‘beet 76a ire estyatiomao eer 
4 et Fee fed Vi 
Pia Be Pe Hole .- 
| * ae a a _ i a dene 
wissen fit 2s SeSBA cone a am 2 “ tA soreet ery 
es th ae is 4 ea ‘Se. ce vere Gat ue 
aol obama ot % otinats ‘yao "eta aoTh aghiersce 
e. = ees Pe ee Sd 
j ; < ; ; rc) Se to alk ’ 
a ee OP CAR bah a, 
SAP IS cabana wih hb! (poet) 4 mean 8 tt a 


“ake er ae 
Ges a a soy sit to beats aise afi 0) 
ie ne er Soto . a 


yao Cae ‘bns itnaatn 
apt teat Sa, * 


¢ 


‘Lnotividlooke’ a Testitedoeseait A ‘wan ay a ad | 


rt ivr! A) 7 


~esaotwh ens oh obs oenbtneroauto-t tor 
x “stage ;aenski oe te mala, Isad daostobe one em 
tities a b Oe 89 er toteelt ok 


es 


Sores <2reqeies” ta bas 5 si “ (aeE) aa bool # ae a8 


teen ive ‘oes: ith enotswrrande Lespesifoots has faistmorts ee 
i a <REY OL toned — 
“heya: nove 3: it ng nei cones) on baie 2 nd corcinetten 


“9: , . if 


Seatiehellts sane Ce i atte a ot atone, 


“ 


Benson, G.K. & Phillips, J.G. (1964) Supraorbital glands of domestic 
ducki rads Anats-985 Sails 

Bernard, C. (1858) De l'influence de deux ordres de nerfs qui déter- 
minent les variations de couleur du sang veineux dans les 
organes glandulaires. C.R. Acad. Sci. 47, 245. 

Beilenson, S., Schachter, M, & Smaje, L.H. (1968) Secretion of 
kallikrein and its ae vasodilatation of the sub- 
maxillary gland. J. Physiol, 199, 303. 

Bhoola, K.D., Morley, J., Schachter, M. & Smaje, L.H. (1965) Vaso- 
dilatation in the submaxillary gland of the cat. J. 
Physiol «.d79.¢ 17.2. 

Burford, H.J. & Bond, R.F. (1968) Avian cardiovascular parameters: 
Effect of intravenous osmotic agents, relation to salt 
gland secretion. Experientia 24, 1086, 

Burgen, A.S.V. & Emmelin, N.G. (1961) Phystology of the Saltvary 
Glands. London: Edward Arnold Publishers. 

Cottle, M.K. & Pearce, J.W. (1970) Some observations on the nerve 
supply to the salt gland of the duck. Q. Jl. exp. Physiol. 
556 wei | 

Doyle, W.L. (1960) The principal cells of the salt gland of marine 
birds. «\Expie Cell ReSwer-2d51386:. 

Drury, R.A. & Wallington, E.A. (1967) Carleton's Histological Tech- 
nique. (4th ed.) Toronto: Oxford University Press. 

Ellis, R.A., Goertemiller, C.C., DeLellis, R.A. & Kablotsky, Y.H. 
(1963) The effect of a salt water regimen on the develop- 


ment of the salt glands of domestic ducklings. Dev. Biol. 


8, 286. 


52% 


of seiph aeinesv pire: Wh sees ‘we bi 


L ; 
a on ae 


ee: ie i -binak io 

Lo wupesioat y ABBeE). a abaer a Mt eto 
~diz2,/ ott Bo _gonvaipiptingy. ont vio eat ber tomit sal ) 

er vk wee |) for 

EE “pet sfeeentt st « shi, aes vie 

ees co Husk <Shewa ae _haeitaiiae ig ai 
a —* 


ae ee sa) “a 
, 


er tee - to anaty mpetiganli bts ad 


a es) mole 


=] 


Hi 
- ye 


mie | 
Aan ai 


~ 


4 4 S MW ‘ 
4 “sh ~ Ped r = 


¥Eae ot "otto _ pate oitomee ; 

Si a ede 
vos, aN 8 pS: 

Sue eter. oe Yam x 

<< r 4 c > ang os vs ae 

~~ eta aH. ne. enokimrssed ome aren lit ,soreaT a 


i 5 baa 4) net 


| er bax at a8 gu D: vba nits -0 ata stes oft oa us 
Pa te tag rege eit Ton a 
amttam To sinets Stee ag. ty alte one at “49081. A ea i Ri a 
cS: an ee 
aie engin ht Se ee ongaatia a AK vor a. 
spear Aeron 208 brated. ‘esate? baka: -. Sop _@4 ‘- : CL 
: * _ “at reloreléan, a ho vail tap dD ere E Mae rec ea Oktig. 
“pr 5. ~eatsios sai ne ‘aay: ated pen le ce wt scene 
ee ee a nahh tod onsen Yo wbinkla, 2inp. ots . Jane 


7 s _ 7 


+. 5 3 i Tae es a a = oe oh 
err iy, eee 
i, c a A oo eae vers gf 


Ve , re ae 7 - : i a ae ae : rn 4 
| ee 


ma a a i a ie ale +a 
¥ 7" a es —_ < Se: : <! 2 Hoh wt 


Ensor, 


Erdos, 


Ernst, 


Ernst, 


Ernst, 


Fange, 


Fange, 


Fange, 


5G 


D.M. & Phillips, J.G. (1970) The effect of salt loading on the 
pituitary prolactin levels of the domestic duck (Anas 
platyrhynehos) and juvenile herring or lesser black-headed 
gulls (Larus argentatus or Larus fuscus). J. Endocr. 48, 
PO? 

E.G., Miwa, I. & Graham, W.J. (1967) Studies on the evolution 
of plasma kinins: Reptilian and avian blood. Life Sciences 
GF P24383% 

S.A. (1972) Cytochemical localization of ouabain-sensitive 
potassium-dependent phosphatase activity in the secretory 
epithelium of the avian salt gland. J. Histochem. Cytochem. 
2056233 

S.A., Goertemiller, C.C. & Ellis, R.A. (1967) The effect of 
salt regimens on the development of (ine <i Sdapeadend 
‘ATPase activity during the growth of salt glands of 
ducklings. Biochim. Biophys. Acta 135, 682. 

S.A. & Ellis, R.A. (1969) The development of surface special- 
ization in the secretory epithelium of the avian salt gland 
in response to Beit strese #2 Cal lk Biols. 40,. 305% 

R., Krog, J. & Reite, O. (1963) Blood flow in the avian salt 
gland studied by polarographic oxygen electrodes. Acta 
physiol. Scand. 58, 40. 

R., Schmidt-Nielsen, K. & Osaki, H. (1958a) Salt gland of the 
herring euLis+ Biol Gull. 115, 162. 

R., Schmidt-Nielsen, K. & Robinson, M. (1958b) Control of 


secretion from the avian salt gland. Am. J. Physiol. 


195) S28 


st ae gettnok: she ae seam oat “ey ty | 
font} tou ofsaenob ots ta toes senate | 
hesitates Met, eocmagts: ee sir vet Sitio ‘nih | nave 
ye hehe. Rosser. iad we > seh ii 
igen Fux een 18 pankiig! rand tu “se inl 
are je-eah! book asive bives ripe Eagen > ; 
‘ Are og ea ED a on 
sits aaga- pte ifaese, 20 sable Leone hans vale 
yrosetase aus at ye henge saa hamid ‘4 


x ite7tood pa Ae eter i at 


Yoxtasitte wilt Gate, ak beter 8, te 


wl thea eaten ails ae utoitage| idl ts ads rrabetee 
sae si ‘tet 190 FS sReeiee studanb 08 onnbignes A 
| ape. toni ita tai wae. bobia doa 0 ‘ston at seri 
cone yeaborsaele, ANT cheer saepatiaciaal | 
sae! brat se (08200) cH ¢tdngO® 2 ‘snsliaia m 


| sa 


eae cD Sat REY alt ae —— 


Fawcett, D.W. (1962) Physiologically-significant specialization of cell 
surface. Circulation 26, 1105. 

Fegler, G. (1954) Measurement of cardiac output in anaesthetized 
animals by a thermodilution method. Q. Jl. exp. Physiol. 
SOSRHD ST 

Fletcher, G.L., Stainer, I.M. & Holmes, W.N. (1967) Sequential changes 
in the Etlienostineibr-tahtsphatase activity and the electrolyte 
excretory capacity of the nasal glands of the duck (Anas 
platyrhynchos) during the period of adaptation to hyper- 
tonicvsalinestid «Expe. BLO} P4754 0975. 

Frey; E.K.4 (1926) ee ee zwischer Herzarbeit und Nierentd&tigkeit. 
Langenbecks Arch. klin. Chis. 142, 663. ) 

Frey, E.K. & Kraut, A. (1928) Ein neues Kreislaufhormon und seine 
Wirkung. Naunym-Schmiedebergs Arch. exp. Path. Pharmak. 
33 Fey 

Fritz, H., Eckert, I. & Werle, E. (1967) Isolierrung und Charakter- 
isierung von sialinsdurehaltigem und sialinsYurefreien 
Kallikrein aus Schweinpankreas. Z. Physiol. Chem. 348, 1120. 

Garrett, J.R. (1966a) The Teipation of salivary glands. I. Cholin- 
esterase-positive nerves in normal glands of the cat. J.R. 
Miers rSoc.® 851.435 . 

Garrett, J.R. (1966b) The innervation of salivary glands. II. The 
ultrastructure of nerves in the normal glands of the cat. 
JiR Piitemel Sock# 8523249. 

Gautvik, K. (1970) The interaction of two different vasodilator mech- 
anisms in the chorda-tympani activated submandibular salivary 


gland. Acta physiol. Scand. 79, 188, 


DY 


‘parites?eesne ar: PUGS. eet “7 to Searvebe a) 


fopeneid ¢ pee ATL ai ia tien ea ce 


as 
ee 


- paletatl bern abides RR ma ceeabolh stad A ana 
otehey sacis ada be wdvi 328 santgalaiee aS — ng | 
: ssh) donk ora 10:8 canta Saini om. v0 “sone ahs 
nage wo rotons ap Sottoys xa sR VERRAN. 


« a eat, so 


F shedgchtzaatait. ini 1ybdnagaalt cada dlnineae) Q8RO ad - a 
7 fie SRE sana ical sok, oat 
seiko 68 Lottwakshond samme alts PO nh nanettt a 
suai aa. “a oem. ssaieapemcateeeaescemnall 
| na ia, Pog sb ae ok ae | 
<x sede at genta ih a0 ak garedod ¢l ort 


3 by 


: ria 
hey. a 7 ee . 


- ; conga telah te ly nage mean bi ween a4 uit 4 a 
ih BAL. ai Leda cs mnecinotst fibeaARhiat a ; 
atta va “abate igiawittee oo noksersannt ptt, , §deet) wily L 12907 
Hob Spb “site ae me wha ayise nebsigoq-seetezae d ees 
ee {2b et ape some “oe 
. one mu -ebsiig vrevi tina te abbsmrvennt oat 4d@aed) mm came os x 
1. amar aid te ee: aca calle ac eaves, to ssaqunsaurity } 
a Pie okey ee eee: ot the ea 


- 


58. 


Gautvik, K., Kriz, M. & Lund-Larsen, K. (1972) Plasma-kinins and 
adrenergic vasodilatation in the submandibular salivary 
gland of the cat. Acta physiol. Scand. 86, 419. 

Gill, J.B. & Burford, H.J. (1968) Secretion from normal and super- 
sensitive avian salt glands. J. Exp. Zool. 168, 451. 

Hajjar, R., Sattler, F., Anderson, B.G. & Gwinup, G. (1970) 
Definition of the sie nil ie to secretion of the nasal salt 
gland of the sea gull. Hormone Met. Res. 2, 35. 

Hanwell, A., Linzell, J.L. & Peaker, M. (1970) Salt gland function 
in the domestic goose. J. Physiol. 210, 97P. 

Hanwell, A., Linzeld, J&L. anes. M. (1971la) Salt gland secretion 
and blood flow in the goose. J. Physiol. 213, 373. | 

Hanwell, A., Linzell, J.L. & Peaker, M. (1971b) Cardiovascular 
responses to salt loading in conscious domestic geese. 

“Jy Physiol, 213,7389 . 

Hanwell, A., Linzell, J.L. & Peaker, M. (1972) Nature and location of 
the receptors for salt gland secretion in the goose. 
Jan Physio Vn 2261+ 453 

Haverback, Bide) DyceioB ws; fissartiok H. & Edmondson, H.A. (1960) 
Trypsin, trypsinogen and trypsin inhibitor in human 
pancreatic juices PvAned,. Med.) 293) 424% 

Hilton, S.M. & Lewis, G.P. (1955) The cause of vasodilatation accom- 
panying activity in the submandibular salivary gland. 
JiaPhiystot,, D283, 2355 

Hilton, S.M. & Lewis, G.P. (1956) The relationship between glandular 
activity, bradykinin formation and functional vasodilatation 


in the submandibular salivary gland. J. Physiol. 134, 471. 


ao ie ees ibe: bl cata jee: ee x om cine sanaihitchedas 


setae hs ai oa a ed | | al 
Viaviigea aefuddionndos sul. pe nos seeutioaen 9 ! : “at 


obhe: eae (inma®- raked 0h Fearne 


‘JE car e8s a ¥ 3 aaa xno sakes paces 

. io sen) 19) E CTU HEM OeB* nena ye 08 08 

slau. fund alt Voinebterage: os *agkunitse ats iy nahn 

PR 8 Jean siaoaera tio, Bop Ae beeta | 

aia ag} beats 4188 (een is toe 8 LA ah 

cat NOES codkag <A 4, - sedaig shame aah | 
nonset444 bess re tea? gaara) a “raat daly. hho r 

oy EEG y OLS. token eT pk wat bok ne Ee 
staat QNDE 1 iene ie a 


pee aLanor arial autokaiiin miacaxciagnes on = 


$ 


mane fobsamtahoasy te aaa adit “¢ezeny aS eae mee, sent 3 x 
taste qeevttee ‘ie tudL bnismdia | ony, mi vaiwdaan ae ane. a 
= ay = Bee, apse. foteatt cay a» _ hie! | or: di 


isiaig como ont sa ean a amet * me cavers Mi gel 2 


~ 


Hokin, M.R. (1963) Studies ona ee denne dane ouabain-sensitive 
adenosine triphosphatase in the avian salt gland. Biochim. 
Biophys. Acta 77, 108. 

Holdstock, D.J., Mathias, A.P. & Schachter, M. (1957) A comparative 
study of kinin, kallidin and bradykinin. Brit. J. Pharm. 
Chemother. 12, 149. 

Holmes, W.N. (1965) Some aspects of osmoregulation in reptiles and 
birds. Arch. Anat. Micrsc. Morph. Exp. 54, 491. 

Kraut, H., Frey, E.K. & Werle, E. (1930) Der Nachweis eines Kreislauf- 
hormons in der Pankreasdrtise. Hoppe-Seylers Z. Physiol. 
Chem. 189, 97. 

Ktihnel, W. (1972) On the innervation of the salt gland. Z. Zellforsch. 
134, .435.. | 

Ktihnel, W., Petry, G, & Burock, S. (1969) Enzyme histochemical studies 

,on the salt gland of ducks (Anas platyrhynehos). 2Z. Zell- 
forsch,., 99,5 560. 

Levine, A.M., Higgins, J. & Barnett, R.J. (1972) Biogenesis of plasma 
membranes in salt glands of salt-stressed domestic ducklings: 
localization of acyltransferase activity. J. Cell Sci. 

a te 

Linzell, J.L., McLean, J.R. & Peaker, M. (1972) Histochemical studies of 
the innervation of the salt gland of the goose. J. Physiol. 
226. A0P.. 

Lowry, 0.H., Rosebrough, M.J., Farr, A.L. & Randall, R.J. (1951) Protein 
measurement with the Folin and phenol reagent. J. Biol. 


Chem. 193, 265. 


dsei bent thee rele ais ak : 


ar 


ae, 


supissauiann 2° ( RoR, ste ‘ spaattge ® sidga 5 
ment 41 apie abiibohebletd hia SB 1 es en 
. agen soncsbdpenimiincd 
bus, eehiags Rgererrenron tent sic dass ame 
eee Ne Ce a eral ips ae is 
wake bot | qairy atoiia 490 «acon. i 13 DAME VOB . 
»foraytt <3 mete Sammars haabic hii vi 
Aperotiget: 3 baa: Dee ont ae eantervanat f. ” nes Py 
> Bakbptp ‘reetimatal owes oe prone anes 
‘as Ss at oni): sts oy Hae 2a a0 
- al q eo atesboggnr erat, a 
egal itont absentia’ rca a0 atte teat acto 
498 Psd ot, ca . +f 
4 aatbyae scheint (een, a aod La mt reson dt + akties ae | 
“tose A 292003 sits te bri ne and. ‘te notsevesoat: ota” oor ae te 


pi 


: _titoso#? aD (ea. dita Ca sai ae UM saponins re aon 


60. 


Marples, B.J. (1932) The structure and development of the nasal glands 
of birds. Proc. Zool. sco. (Lond.) 2, 829. 

Melmon, K.L., Clive, M.J., Hughes, T. & Nier, A.S. (1968) Kinins, 
possible mediators of neonatal circulatory changes in man. 
J. Clin. Invest. 47, 1295. 

Nagel, W., Willig, F., Peschke, W. & Schmidt, F.H. (1965) Detection of 
trypsin and Ronee beth with paranitroanilide derivates of 
amino acids. Hoppe-Seylers Z. Physiol. Chem. 340, 1. 

Nechay, B., Larimer, J. & Maren, T. (1960) Drugs on nasal salt output 
in gulls. “J. Pharm. Exp. Therap: 130, 401. 

Peaker, M. (197la) Intracellular concentration of Na and Cl in the salt 
gland of the domestic goose and their relation to the Saree 
tory mechanism. J. Physiol. 213, 399, 

Peaker, M. (1971b) Avian salt glands. Phil. Trans. Roy. Soc. (Lond.) 
iB 202.5, 259% 

Peaker, M. & Phillips, J.G. (1969) The role of prolactin and other hor- 
mones in the adaptation of the duck (Anas platyrhynchos) to 
saline conditions. J. Endocr. 43, Ix. 

Peaker,’M., Phillips, J.G. & Sais A. (1970) The effects of prolactin 
on the secretory activity of the nasal salt gland of the 
domestic duck. J. Endocr. 47, 123. 

Peaker, M., Peaker, S.J. Phillips, J.G. & Wright, A. (1971) ‘The effects 
of corticotrophin, glucose and KCl on secretion by the nasal 
salt gland of the duck (Anas platyrhynchos). J. Endocr. 50, 293. 

Peaker, M., Peaker, S.J., Hanwell, A. & Linzell, J.L. (1972) Sensitivity 
of the receptors for salt gland secretion in the domestic duck 


and goose. Comp. Biochem, Physiol. 44A, 41. 


t 


ps books finale asks te ee de aa 

, a bath oot hed . aon 
jeoteae (ORR) BA malt a°.8. asin satin Baltes oka 

a8 a Aga’ Paerlietoonte! tea a i stan» a” 

a: aks) > cake a: ai as 

-3e qaksosed dou my {ibaa ove) ost a z ri hs 

' ¥ aapaviay spi thnadsi balee ay: re geangio sins 
1 ONE aetO Banat? eo see Saki bid 

: ‘divettig ins tee ane agiext toaag’y! he cnt 0 erst el 


= 1 


| “ros ate e aaeaitt feet ‘pseu a aban a " 
| ‘dee orb he Bas aie: na ses tes ‘Aediaditoptiall)| ateeny 0 ne 
eer aot nie Bae ‘+8SA br aeseg Abdebateh! ag? Yo ti if “ a 
ag ae ane baited r “ata 64 ae 
paea) y588 eee 4 ‘cage sand omanstmie ie ERY die Anis 
| We a y -+ pea “as idl mice ea 
“=r0t esiie ping  nbinationg ea sion ser ‘Senaeny foot egutenee 4M. sin 
“ad “CBR acta angtlte st el odd to sdttnsiqhbs sity gt asnber oa aint 
ise . = cae ot ee Lab sive odie ‘tniltie | ae . 
a oenieg | tev agin Sul core A atte a pact, segttttes, ow vat 
. ats "To ii igh ot a hive a ert ts am 
Ce 
esnakis? ‘og? | dares. A iene Bot vagneta Se ali 
_ eee ass fe ng teases so Oa bas Paoonlg cttepesas anes _ | 
ee ae yet eat e teehee ay! dtoub ay “ve Nil ‘ithe sunt i 
ri potviiiene eatery dae “iean aga ae toil ac eebine a sie Be: 


= 


a hseoat, att ut antsoaba te ste saa aloe “9 | ee 


ie a zs i ? te a =e ie =A. a: 


61. 


Phillips, J.G., Holmes, W.N. & Butter, D.G. (1961) The effect of total 
and subtotal adrenalectomy on the renal and extrarenal res- 
ponse of the domestic duck (Anas platyrhynehos) to saline 
loading. Endocr. 69, 958. 

Rocha e Silva, M., Beraldo, W.T. & Rosenfeld, G. (1949) Bradykinin, a 
hypotensive and smooth muscle stimulating factor released 
from plasma globulin by snake venoms and by trypsin. Am. J. 
PRYELOL. Loo, “ZOL. 

Rossum, S.D.V. von (1966) Movements of Ra” and ra in slices of herring 
gull salt gland. Biochem. Biophys. Acta 126, 338. 

Sapirstein, L.A. (1956) Fractionation of the cardiac output of rats with 
isotopic potassium. Circulation Res. 4, 689. 

Sapirstein, L.A. (1958) Regional blood flow by fractional distribution 
Of Indtcatore, Als a Priyeiol. 195, 161. 

Schachter, M. (1969) Kallikreins and kinins. Physiol. Rev. 49, 509. 

Schmidt-Nielsen, K. (1960) Salt secreting gland of marine birds. 
CLECUIQELOM 21, 99>. 

Schmidt-Nielsen, K. (1965) Physiology of salt glands. In Sekretion und 
Exkretion, 269. “Berlin: Springer. 

Schmidt-Nielsen, K., J&8rgensen, C.B. & Osaki, H. (1957) Secretion of 
hypertonic solutions in marine birds. Fed. Proc. 16, 113. 

Schmidt-Nielsen, K., Jérgensen, C.B. & Osaki, H. (1958) Extrarenal 
Salt Gxcretion in bards. Am. J. Physiol. 193, LOI. 

Scothorne, R.J. (1959a) The nasal glands of birds: A histological and 
histochemical study of the inactive gland of the domestic 


duck.” “J.Ranat, 93, 246; 


a = + = ; aS s Seite Pe, 


feted for 1oshta ott ate. ae ty ee 
-ane Ennasitaes iors Lagos one, we candonbent te s as 
ort s Lage cs am | satieenyhegtls liad mer Pisuand oe ane 


wis 


é »thektebova -Cesed) a ‘idateapels 4 eT at a 2 .. 
bageed: sil sy wtuin ‘efoaum At oGme fe, ne: aK: 
tt cab vate oad: hii iin sal meta xd iit dose cup wert. 
| ) Set ae 428 O8E okey 

yattrad Fe essite wl # bea” “oe 45 oxnaeney ni 12RD. Ahoy, -¥.0.2 i 
=" gies age eeaae! ss a Paes stem Livy 

ity 238% Tout ‘is 08 aaibted, oat or eatasnntvoert CASS) het, ” 
nee ii Watsaleceha smitesasoy akanioat 
noldvdssaty ingotsape vd. wet Seog fanokyes Pua d +e = 
ee eee otentt +h oe 0am Yo. 


ae seh SC ose catdent: tue onteth liad oo” aM ‘cual 


ae aa salve te basta antengoap 208 wn. 2 teat 


ee ease ad bunt ie de casiaionss. (zen) nenteat-abtadsg . 
Pe - Thee ee asgakegt ‘sake Aa sno eens | oa i 4 
i noses (seen, a finda %. <2 einai got saat cod 
Oe al sex ane saberkd antiam nk snqtnilos sigerteqyd ie | 
) Mepaan axe Roce 5 i, dled $ Ao toanagrdl. 2 sreatennccblaie ae 1 
tot ter dexaeas t. sal cman wh no kietona salad a 


hae teshggloxeii 4 suhatd de ebint esa oitt (nitty: hot ssevenest 
= in aban ad do-binis sensi atts 40 ie ait eine - 


. a ; 2 
7 i is. ea : a ae ve . <i fad 280A o~ i (an: 
- 5 ' a : , a a is a A a x a Z ; ae 
i PY ig toe ae 


Scothorne, R.J. (1959b) Histochemical study of succinic dehydrogenase 
in the nasal (salt-secreting) gland of the Aylesbury duck. 
QO. (di) exp. Physiol. 44,..329. 

Scothorne, R.J. (1960) Alkaline and acid phosphatases in salt gland of 
Dieta Aner. Ot)! SRT, 

Stewart, D.J. & Holmes, W.N. (1970) Relation between ribosomes and 
functional growth in the avian salt gland. Am. J. Physiol. 
219); A619. 

Thesleff, S. & Schmidt-Nielsen, K. (1962) An electrophysiological study 
Of the salt gland of the herring gull. Am. J. Physiol. 
202 HOOT 

Trautschold, I. (1970) Assay methods in the kinin system. In Handbook 
of Experimental Pharmacology, Vol. XXV. Erdos, E. (Ed.). 
New York: Springer-Verlag. 

Ungar, G. & Parrot, J.L. (1936) Sur la presence de la callicreine dans 


la salive, et la possibilité de son intervention dans la 


transmission chimique de 1'influx nerveux. Compt. Rend. Soc. 


BLOL. 222, 10525 

Webster, M.E. (1968) Human plasma kallikrein, its activation and path- 
Ological role. Fed. Proc. 27, 84. 

Werle, E. & Hurter, J. (1936) Uber ornitho-kallikrein. Biochem, Z, 
2835 295 

Werle, E. & Roden, P. von (1936) Uber das Vorkommen von Kallikrein in 
den Speicheldrusen und in Mundspeichel. Biochem. 7, 286, 


213% 


* Liss 


ashi Boa ba es 
DS "8? PRs Sala 
Bet ayo ed oy orm wad ophaata (REO, Voll 


couse Laokgotak mrftga 9 am (perp; Mf 
ae eae Ag. tobe aig bi ec 
| yy We ee 

oodbapt ot bane sa ‘ait nk tea oe. cian 


| + ‘ : ; et a AS ; r a 
dea, austen Use ot ub ssi 8 sen eae aa 


gf aiiab coninerpt ta ree ob De 


ye #S: 


aay 2 +08 ae, qr Faantaei ies swt amit 


2 ae ak, obi sey ties eM eee LS sall (ane ae Saris s 
| ae ee se aber Saskgate *, 
ot ti i xed (aren) PA canal 8 
pig Cee ee copia BOE eB 
dit teased roy winbotiot seb sed cadens. nov a ed 3 


tgs 


25 qAesting kal: det 


oth aS; stat 


Fae 


"2 
alr aah ae 


SS 


Werle, E., Hochstrasser, K. & Trautschold, I. (1965) Studies of plasma 
kininogen, ornithokallikrein and ornitho-kinin. In Hypo- 
tensive Peptides, 105. Erdos, E., Back, N. & Sicuteri, F. 
(Eds.). New York: Springer-Verlag. 

Werle, E. & Leysath, G.- (1967) Uber das Molekulargerwicht des Plasma- 
kinins von Vigeln. Hoppe-Seylers Z. Physiol, Chem. 348, 


O92 


Se 2 23 , : 
i oA, E : . A j watt 


rv 


amantq 1 oabind2 ies. ue otcioniiot® 2 


gyi af E <pheatiacieihaxe’ rare Prem 


nb ne Peg Ree a yt — ‘ 
WW: ,- btedeete 3 oe BE. wee €. Ralie’s Aad ia : : rik 


é onl 
: “Be staan er i Salt! 
acy Arla ks rey’ rms tostste out e. ‘Gae. ae wt 


«€ 


a 


- <Baae lt 


i 


JESE ns 0 -tutayds «8 eniellauot aad 2 


bak _ ee L, 1 7. 


‘s ar y - 
. 
\ 
i 
, 
vod NU 
i 
a. 
7 
‘ ia) 1 i ; 
+ Oa 
1 iia 
x 7 ' a 
aah Pe hee 
; re 


Vee 


ie 5 Ges ee é 


B30065 


